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AEBODYNAMIC -TICS OF A WING WITH 

QUAXIER-CHCED LWE SWEPT BACK 35O, ASPECT RATIO 6, TAPER 

RATIO 0.6, AND NACA 65A006 AIRM)IL SECTION 

By William C. Sleeman, Jr.,and Wflliam D. Morrison, Jr. 

AB part of an EACA t rasonic   research program a ser ies  of wing-b- 
combinations are being  investigated In the Langley high+peed 7- by 
10-foot tunnel mer a Mach number range from 0.60 t o  1.18 by uti l iz ing 
the  transonic4ump  test  technique. 

This paper presents  the results of the investigation of' a wing 
alone and winpf'uselage  combination emploging a 35O sweptback.wing with 
aspect  ratio 6, taper   ra t io  0.6, and an WACA 63x006 airfoi l   seot ion.  
L i f t ,  drag,  pitching lpomsnt , and root bending momen% were obtained f o r  
these  configurations; In addition,  effective damwaeh &@;les and 
dgaamic-pressure characterist ics in the region of a probable ta i l  
location were obtained  for  these  configurations and are presented  for a 
range of t a i l  heights at on3 t a i l  length. In order t o  expedite 
publishing of these data, only a brief  analysie i s  included. 
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INTRODUCTION 

A series of WlngAody configurations  are  being  investigated in the 
Langley high-peed 7- by LO-foot tunnel to study the  effects of wing 
geometry on the  longitudinal  stabil i ty  characterist ics at transonic 
speeds A Mach number  rEtnge between 0.60 and 1 .x8 is obtained by 
utiliztlT1@; the transonic4ump  test  technique. 

This pamr presents  the results of the  investigation of the wing- 
d o n e  and wing-fuselage .configurations employing a 35O sweptback wing 
w i t h  aspect  ratio 6, taper r a t i o  0.6, and an ESACA 65~006 a i r f o i l  
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section. Same of the aerodynamic characteristics of .a. wing of aspect 
r a t i o  4, presented  in reference.1, axe compared with  the  results of 
the  subject pELper. 

The wing of the semispan model had 35’ of sweepback of the quarter- 
chord line,  taper r a t f o  of 0.6, aspect r a t i o  6, and an NACA 63AOO6 
airfoi l   sect ion  paral le l   to   the free stream. The wing  was made o f  s t ee l  
and the fuselage of brass. A two-view  drawing of the m o d e l  i s  pesented 
as figure 1, md ordinates of the  fuselage of fineness r a t i o  10 are ’  
given in   t ab le  I. 

The model w a s  mounted on an electrical  strain-gage  balance, which 
was enclosed in  the bump, and the lift, drag,  pitching, moment, and ’ 

bending moment about the model plane of symmstry were measured wlth * 

calibrated galvanometers. 

Effective downwash angles were determined for a range of t a i l  
heights by measuring the  floating angles of five  free-floating  tails  
with  the  aid of calibrated  s1ide”wire  potentiometers.  Details of the 
f loa t ing   ta i l8  axe shown in  figures 2 and 3,  and a photograph of the 
tes t   se tup on the .bump showing three of the   f loat ing  ta i ls  i s  given as  
figure 4. .The t a i l s  used in   this   inTest igat ion were the same as those 
used in  the  investigation  reported in reference 1. 

A total-pressure rake was used t o  determine dynamic-p?essure ra t ios  
for a range of t a i l  heights along a line  containing  ths 2>percent+man- 
aerodynamic-chord points of. the  free-floating tails. The tot&--pressure 
tubes were spaced 0.125 Inch apart for a  distance of 1 inch below and 
0.5 inch above the wing chord  plane  extended (a = Oo) and were 0.25 inch 
apart f o r  the remainder o P  the rake. 
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SYMBOLS 

Cm p i t c h i n w n t  Coefficient referred t o  0 . 2 5  (Twice panel 
pitching moment/qSF) ’ 
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s t d c e  wing area of se-epan model, o .E% square. foot 

C mean aerodynamic chord of wing, 0.147 foot; bawd on - 

local wing chord 

twice s p m  of semispan model' 

spnwise  distance f r o m  plane of symmetry 

air density, slugs per cubic foot  

freeetream  velocity,   feet  p r  second 

effective Mach Tluniber over span of model 

local  Mach nuIIlber 

average chordwise local Maxrh nuniber 

Reynolds n W e r  of wing based on F 

angle of attack, degrees 

effective downwaEIh angle, degrees 

r a t i o  of point Qnamic pres~u~e, taken along a line containing 
the  quastexhord  points of the meas  aerodynamic chords of 
the  free-floating tails, t o  local  fie-tream ,aynamic 
pressure 

la teral   center  of pressure, percent semis- ( l O q / c L )  

t a i l  height  relative  to-wing  chord  plane extended,  percent 
semis-, positive  for ta i l  positions 'above -chord plana 
extended 

. -  

I 

I 



4 0 NACA RM LgIUOa . - 
TESTS 

.# 

The t e s t s  were conducted i n   t h e  Langley high-speed 7- by  10-foot 
tunnel by u t i l i z ing  an adaptation of the NACA wing-flow technique for 
obtaining  transanic speeds. The technique Used involves  the mounting 
of a model in the high-velocity flow f i e l d  generated .over the c m e d  
surface of a bump located on the  tunnel floor (see  reference 2) .  

Ty-pical contours of local  bhch nmiber in the  vicini ty  of the model 
location on the bump, obtained from surveys w i t h  no model i n  position, 
are shown i n  figure 5 .  It is seen that there is  a Mach nmber  variation 
of about 0.06 over the model semispan a t  low Mach n.m&ers and f r o m  0.08 
t o  0.09 at the highest Mach numbers. The chordwlse Mach nuznber generally 
varies 1088 than 0.01. NO attempt has been ma* to   evaluate   the  effects  
of this chordwise and s m w i s e  h c h  number variation. Mote that the 
long-daehed l i nes  shown near the  root of the wing ( f ig .  5 )  represent a 
local  Mach  number 5 percent below the maximum value and indicate a ' 

nomid   ex ten t  of the bump boundary layer. The ef fec t ive   t es t  Mach 
number was obtatned f r o m  contour  charts similar t o  those  presented i n  
figure ."j by u8ing the  relationship 

The variation of mean t e s t  Reynolds rider with Mach rider is . 
shown in  figure 6. The bound.mies in   the  figure indicate  the range in 
Reynolds nmiber caused by variat ions  in  test conditions in the  course 
of the  investigation. 

Force and moment data, effective downwash angles ,  and the ratio of 

free-atream dynamic pressure w e r e  obtained for the model configurations 
through a Mach nmiber range of' 0.60. t o  1.18 and an mgle-of+ttack . 
range  of -ko t o  loo. Pitching+momnt data were obtained  about an axis 
passing  through  the 25"percent-mea1~mrodynamfc-chord point. 

, dynamic pressure at 25 percent of the tai l  mean aerbdynamfc chord t o  -. . .  

The end-plate t a r e s  on drag were' oBtained  through the Mach number 
range at Oo angle of at tack by testin@! the model configurations  without 
end plates as show in figure 7 for the  Wf-one oonfiguration. A 
gap of about 1/16 inch wa8 maintained between the wing surface at the  
root chord  and the bump surface and a s p o n g m p e r  seal was fastened t o  
the wing butt  beneath  the  surface of the bump t o  minimize leakage. The 
drag end-sate tares were assumsd t o  be constant with angle of a t tack 
and the  tares  obtained at zero angle of a t tack were applied t o  aLL drag 

. 
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data. R stmilar end+phte  correction has been applied to the downwash 
data. No base-pressure correction has bean applied t o  the,win@;Lfuselage 
drag data. Jet-boundary corrections have not been. evaluated  because  the 
boundary canditions.to be sa t i s f ied  are not  rigorously  defined. Eowever, 
inasmuch as  the  effective flow f i e l d  i s  large compared, t o . the  span and 
chord of the model, the corrections a r e  believed  to b'e smll. 

r .  

By measuring tail ' f loating  angles  with0ut.a model instal led it was 
determined that a t a i l  spacing  of 2 inches would produce negligible . 
interference  effects of reflected shock waves on the tail floating 
angles. Downwash angles f o r  the wing-alone configuration were thererore 
obtained shmltaneously for   the middle, highest, and lowest t a i l -  * .  . 
posit ions  in one series of t e s t s  and slmllarly for  the t w o  interniediate 
positions in  succeeding runs. (See fig. '  3.) For the wing"fuselage 
tests  the  effective downwash angles at the chord plane extended were 
determined by mounting a free-floating tail cm the  canter lfne of the 
fuselage. The  downwash angles presented  axe  increments  fromthe tail 
floating angles without a model in  posit ion.  It should  be  noted  that 
the  f loating aagles measured are i n   r e a l i t y  a measure of the angle of 
zero  pitching moment about the tail pivot axis rather than the angle 
of zero lift. It has been estimated, however, that f o r  t h e   t a i l  
arrangement used a doknwash gradient of 2' across the span of the tau 
w l l l ' r e s u l t - i n  -an error of less than 0.2O i n  the measured downwsh ' 

c angle. . .. 
Total-pressure  readings were obtained  at-constant  angles of attack 

the gap between the b m  cutout and wing butt  sealed  with a sponge sea l  
t o  eliminate end-late wake  and minimize leakage effects. The stat ic-  
pressure  values used in computing the- dynamic-pressure rp%$os were 
obtained by use of a s t a t i c  probe  with no model , i n  position. 

i '  through the Mach  nuniber range without an end. plate on the model arid with 

. The figures pes6nting the reshts &e as follows : 

Figure 
W u d o n e  force data . . . . . . . . . . . . . . . . . . . . . .  8 

Effective downwash angles bing alone) . . . . . . . . . . . . .  10 
Effective downwash angles w i n g  fuselage) . . . . . . . . . . . .  11 
Downwash gradients . . . . . . . . . . . . . . . . . . . . . . .  12 

. Dynamic-pressure surveys . . . . . . . . . . . . . . . . . . . . .  13 
Sumnary of aerodynmic  characteristics . . . . . . . . . .  . . .  14 . 
Effect of aspect r a t i o  on the minimum drag characteristics . . .  15 

Wing-fus elage  force data . . . . . . . . . . . . . . . . . . . .  9 
.. t 

I 

I 

1 

" .... 
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The discussion i s  based on the summarized values  given i n  
figure 14 unless otherwise  noted. .The slopes sllmmarized i n  figure 14 
have been averaged  over a range of 20.10 o f t h e   s t a t e d  l i f t  coefficient. 

Lift--and D r a g  Characteristics 

The 1ift;curve slope measured near zero lift for   the wiw alone was 
approximately 0.076 a t  a Mach n M e r  of 0.60. T h i s  value  coqares  with 
a value of 0.073 estimated  for this Pllach nuutber by use of the  char ts   in  
reference 3. The wing-alane liftccurve  slope was en average of about 
12 percant  higher  throughout  the t e s t  Mach number range than for  the 
wing of aspect  ratio 4 (reference I) which, except for  aspect  ratio,  had 
geometry similar t o  the  present w i n g .  The addition of the f u s e l a e  
increased  the  lift-curve  slope  from.3 t o  6 percent  throughout  the Mach 
n d e r  range investigated. This  increase was about half the Puselage 
effect  shown for   the  wing of aspect   ra t io  4 of reference 1. 

The drag rise at zero lift began at a Mach nufiber s l igh t ly  
above 0.90 for   the wing alone.  For the wing-fuselage configuration  the 
drag  r ise  -8 sl ight ly  earlier md steeper than for   the nFng alone. The 
drag data for   the 35O.sweptback wing of aspect   ra t io  4 Issued i n  
reference 1 are n o t  direct ly  comparable with the present resul ts  because 
the drag data of reference'l were not  corrected f o r  end-plate tares. 
Subsequent t o   t he  issuance  of  reference 1, drag data were obtained f o r  
the wing  o f  reference 1 by using the sponge-wiper-seal technique 
described i n  this paper. These data m e .  presented in figure 15 together 
with  the results from the wing of aspect   ra t io  6 of this paper for 
coqmison. For both  the -one and wing-fuselage configurationa, 
increasing  the  aspect  ratio k.6 4 t o  6 decreased  the drag slightly at  
Mach nwfbers below appro-tely M = 1.0 and appeared t o  delay  the 
drag r i s e  Mach nuitber'slightly. At Mach nurnbers abwe unity the drag 
was higher f o r t h e  wing of aspect  ratio 6 ,  especially  for the wing- 
fuselage configuration. 

The lateral cantel? ofpressure   for  the wing alone (a t  lift coef- . 
ficients below 0.k) was located at 45 percant of the semispan at a Mach 
nuniber of 0.60. T h i s  value coqpmes with &z1 estimated low-speed value 

' of 45.7 percent  (reference 3). As the Mach nuniber increased ycp moved 
outboard gradually t o  48 percent of the semispan at  M = 0.95 and 
remaFned constant- up to the highest test Mach number. The addition of 
the fuselage moved  ycp inboard  approximately 3 percent-of the semispan 
throughout t he   t e s t  Mach number range. 

, 



Pitchlng-Mommt Chaxacteristics 

A t  a Mach numker of 0.60 the aerodynmnic-center location  near zero 
lift, for the wing alone was  34 percent of the mean aerodymmic  chord 

(reference 3)  Gas 25.2 percent of the mean aerowELmic chord. In 
general the wing-alane a e r o m c - c e n t e r  location6 obtained a t  a Mach 
nuniber of 0.60 in  this ser ies of bump investigatfons have indicated a 
somewhat more rearwad position of the  aerodpamlc  center  than  predlcted 
fromthe  charts of reference 3. A forward movement of t h e  aerodynamic 
center to 29. percent of the msen aerodynamic chord  occurred between 

. M = 0.60 and M = 0.85. The aerodynamic center moved rearward  madually 
as the Mach number increased above 0.85 an& w ~ b s  located at 40 percent of 
the mean aerodynamic chord at Mach ntmrbers above M = 1.03. The addition 
of the fuselage was destabilizing throughout the test Mach nwrber range 
with a minimum forward  aerodynaslic-center movement at M = 0.85.' 

The  w-lane and wing-fuselage pitching-moment curves  (figs. 8 
and 9 )  indicate   instabi l i ty   a t   hfgherl i f t   coeff ic ients  for Mach 

- nunibers below approximately M = 0.98. However, above M = 1.00 there 
is no indication of this Instabi l i ty  even at the highest lift coef- 
ficients  attairied. S" trends in pitching-mmnt  characteristics 
were found in  the  results  presented  in  reference 1. 

Downwash and Dynamic Pressure 

The variation of effective doynwash angle  with tail height and 
angle of attack for the wing-alane  and wing-f'uselage configurations a t  
various Mach nmibers is presented i n  figures 10 and 11. The downwash 
gradient (as/&), near zero l i f t  for the alone (f ig .  12) W ~ S  

practically  invariant  with tail height  throughout  the Mach nufiber range 

increase in (a€/&), for t a i l   pos i t ions  near the chord plane extended. 

The variation of with Mach rider (ffg. 14) for % = 0 
and A30 lndicated a decrease i n  downwash gradient of approximately 
50 percent between M. = 0.90 and .  M = 1.15 for both the wing-alone and 
wing-fuselage configurations. 

~ investigated. The additian af the fuselage caused em appreciable 

The test   angle-ofdttack range  Yith t h e  free-floating t a i l  slightly 
below the chord  plane  extended was rest r ic ted by the  presence of the 
h s  elage. 

The resul ts  of the  point QnasLic-ressure surveys made along a 
.line containing  the 25-percen-t;mean-~terodynac~hord points of the 
free-floatfng tails used i n  th8,-~onnw&~~rveys are presented i n  

I 

I 

I 

I 

I 

! 

I 
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figure- 13.  The maximum 1068 in m c  pressure  at  the wake .center  line 
for high a n g l e s  of  attagk was about 17 percent f o r  t h e  wing alone.  At 
a constant  angle of attack  the  Mach number effects  on  the  wake  chasm-. 
teristics  are, small, especially  at low angles of attack. The addition 
of t h e  fuselage.showe& only a small effect on the wake profiles although 
the  peak losses at  the  highest  test angle of attack  were  slightly 
reduced  at  subsonic  Mach num%ers. . .  
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National  Advisory Codttbe f0.r Aeronautics 
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. TABLE r.- FUSELAGE ORDINATES 

Fasic fineness retio 12; actual f h e i e s e  ratio 10 
achieved by cutting of f  the rear me-sixth of 

the body; 6/4 located at 1/21 

p- 1-=/4. I 4  - 

I 
Ordfnatee I 

4 1  

.005 
-0075 
.0125 
.0250 

0 

.0500 
-0750 
.loo0 

.2000 
-2500 

~ 5 0 0  

.3000 
-3500 
-4000 

I 

I 

I 

! 

I 
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Figure 1. - General arrangement of model w i t h  35' mptback Xing, aspect r a t io  6, taper r a t i o  0.6, 
and NACA 631006 &foil- 
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Figure 7.- A y i e w  of the model  mounted  on the balance sharing the sponge- 
seal  arrangemeit w e d   i n  determining end-plate  tares. 
I 

I 

I 

i 



? 



. .. . . . .  

I I I 

0 
0 

-4 

0 
0 
0 
0 
0 
0 

$ 0  

Q 1 ;-lz 
0.08 
0 
0 -04 
0 
0 

M 

1.u v 
1.15 6 
1.10 
1.08 0 

1.06 1 
1.03 V 
IW d 
.98 6 
-86 0 

.83 B .@I B 

.&¶ a 

.85 A 
m o  
.m 
.m o 

-4 -.a 0 2' .4 .6 .8 74 ;2 0 9 .4 ..6 .E 54 '-2 0 .a .4 .6 .8 

Liitcoefficient, CL u c o e l f l c i e n t ,  CL " C W ,  CL 

Figure 8. - Wl&-alone aerodpmnic characteridice for model. wlth 35' m p t b a c k  wing, aspect ratio' 6 ,  
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